I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Endoscopic ultrasound (EUS) is an interesting diagnostic as well as interventional modality arising after amalgamation of endoscopy and ultrasound that has changed the way gastrointestinal (GI) endoscopy is practiced today. It initially started as a pure diagnostic imaging modality when, in 1980, for the first time an ultrasonography (USG) probe was attached to an endoscope and used as EUS.\[[@ref1]\] However with subsequent advancements, EUS-guided fine needle aspiration (FNA) for tissue acquisition (TA) became its predominant role in clinical practice. In 1992, the first case of EUS-guided FNA of pancreatic lesion was reported, and in the same year EUS-guided FNA of upper GI tract as well as lower GI tract was reported.\[[@ref2][@ref3]\] Since then, the role EUS-guided TA has increased exponentially. In a study from USA, authors investigated various methods of TA in pancreatic diseases between 2006 and 2010 and found that TA by EUS-FNA increased by 69.3% whereas TA using surgery decreased by 41.7% whereas TA by percutaneous route remained the same.\[[@ref4]\] Development of electronic linear ultrasound endoscopes led on to EUS-guided FNA being carried out with great precision in real time with the FNA needle being visualized throughout the procedure, and it gradually replaced the need of histological diagnosis in various GI disorders. EUS FNA has made the pathological diagnosis by means of TA in otherwise difficult anatomic locations within abdomen, retroperitoneum, mediastinum, and perirectal space easy. Pancreatic neoplasms, diseases involving lymph nodes at various mediastinal and abdominal sites, GI submucosal lesions, perirectal lesions, adrenal lesions, and mediastinal masses are routinely diagnosed by EUS FNA. Despite its role in diagnostics and superiority over other methods of TA, it is also important to recognize its limitations and imperfections. The need of onsite cytopathologist, dependence on histology/core biopsy occasionally to achieve a diagnosis, and inability to reliably assess for molecular markers are some of the important challenges that EUS FNA faces. In this review, we will discuss the various aspects of EUS-guided TA.

EUS-guided FNA is a multistep procedure that involves assessment of proper clinical indication, correct selection of FNA needles, and adoption of evidence-based techniques for tissue sampling. Before taking the patient for EUS FNA, especially in developing countries where cost and economics are important factors, appropriateness of indication and its impact on management of disease and advantages as well as disadvantages including the total cost of alternative methods to obtain the samples should be reviewed.

EUS FNA is most commonly performed to confirm the diagnosis of cancer. The most common benign conditions where EUS FNA is used for diagnosis are sarcoidosis and tuberculosis. The common sites for EUS FNA are pancreas, bile duct, suspicious GI tract wall thickening, sub mucosal lesions, adrenal glands, liver, retroperitoneal masses, lymph nodes, posterior mediastinum, and central pulmonary masses.\[[@ref5]\] Before performing EUS FNA, it is important to exclude significant coagulopathy (INR \> 1.2), thrombocytopenia (platelets \<100,000), and recent use of thienopyridines (e.g., clopidogrel).

EUS-FNA devices \[[Figure 1](#F1){ref-type="fig"}\] {#sec2-1}
---------------------------------------------------

![EUS FNA needle and its parts](JCytol-36-1-g001){#F1}

They are available in different sizes mainly 25, 22, and 19-gauge needles. These needles vary in flexibility and size, with 25 G being smaller in diameter, highly flexible, and yielding less bloody samples.

The EUS FNA needle consists of four main components:

(1)Hollow needle(2)Solid removable stylet(3)A semi-rigid protective sheath(4)A handle which has a port for insertion and removal of stylet as well as for creating negative suction pressure during FNA.

While performing FNA, the echoendoscope should be positioned as straight as possible because a straight endoscope allows easier insertion of EUS FNA needle. Before puncturing the lesion, it should be carefully assessed by EUS for the nature of lesions (solid or cystic) as cystic lesions need to be completely aspirated to prevent the risk of infection. In addition, color Doppler should be used to exclude the presence of blood vessels in the needle path. Once the protective sheath has been brought out of the instrument channel, the lesion should be positioned in the needle path. Excessive movements of tip of endoscope or the elevator should be avoided as it will increase the resistance to movements of needle leading on to its bending. FNA done by bent needle is risky as it tends to disappear from the ultrasound view. It is also important to remember to not puncture undrained, obstructed pancreatic or bile ducts as it may lead to cholangitis or pancreatitis. EUS FNA is easier from stomach or esophagus as the echoendoscope is straight in stomach and esophagus, and therefore, the needle can be easily maneuvered, whereas in the duodenum, where the scope is acutely angulated, the FNA procedure is difficult and requires advanced skills as angulated scope decreases the maneuverability of the FNA needle. Acute angulation of the endoscopic tip, large torsion through the scope shaft because of angulations, and repeated elevator use increases technical the difficulty of EUS FNA. The 25-G aspiration needle has been shown to be superior over the 22-G aspiration needle for the sampling of solid pancreatic lesions in head and uncinate process.\[[@ref6][@ref7]\] However, studies including meta-analysis have shown the nonsuperiority of 25-G needle over 22-G needle for lesions other than pancreas in terms of sampling adequacy as well as cytological and histological accuracy.\[[@ref8][@ref9]\] The 19-G needle being larger has a theoretical advantage in sampling the lesion, however, studies have found no superiority of 19-G needle over 22-G and 25-G needle.\[[@ref10][@ref11][@ref12]\] American Society of Gastrointestinal Endoscopy (ASGE) technical review has recommended the use of a 25-G needle over a 22-G needle in patients undergoing EUS FNA of pancreatic masses.\[[@ref13]\]

Role of stylet {#sec2-2}
--------------

The stylet in EUS FNA needle was designed to provide stiffness to the FNA device as well as to prevent the clogging of needle with digestive wall tissue while puncturing, and thus prevent the contamination of the sample by cells that do not originate from the intended target lesion. However, studies have shown no added advantage of stylet. Studies have shown that the routine use of stylet for these purposes did not yield better result and there was no difference in cellularity, contamination, bloodiness score, diagnostic ability, and diagnostic accuracy when FNA was performed with or without stylet. Well-designed randomized trials have shown that the sample yields were no better when stylet was used.\[[@ref14][@ref15][@ref16]\] Moreover, technically, the use of stylet at every passage is labor intensive, time consuming, and prone for needle stick injury. ASGE technical review has recommended against the use of a stylet during EUS FNA in order to improve the diagnostic yield of and specimen quality.\[[@ref13]\] We use stylet for first pass only and perform subsequent passes without stylet.

Techniques of sampling {#sec2-3}
----------------------

Various FNA techniques have been described for sampling the tissue.

Standard technique: In this technique, during a pass, the needle tip is positioned at one location within the mass and then moved back and forth multiple times. For subsequent passes, a different margin of mass is targeted, with needle movement being confined to the same areaFanning technique: In this technique, needle is positioned at different areas within the mass and then moved to and fro multiple times in each area. The needle path can be altered using either the "up/down" endoscope dial or the elevator. In a recent randomized controlled trial which compared the standard technique versus fanning technique, authors found no difference in diagnostic accuracy, technical failure, or complication rates.\[[@ref17]\] However, fanning technique required lesser number of passes to establish the diagnosis with a higher percentage of patients achieving diagnosis on pass one (57.7% vs. 85.7%; *P* = 0.02).\[[@ref17]\] We routinely use fanning technique in our clinical practice.

Suction or No suction {#sec2-4}
---------------------

In technique using suction, while performing FNA, negative suction is applied using luer-lock syringe during the puncturing of lesion, and this theoretically would increase the yield of tissue. Various studies have shown that it indeed increases the tissue yield but at the cost of hemorrhagic sample.\[[@ref18][@ref19][@ref20]\] In a recent randomized trial comparing 22-G and 25-G needles with or without suction, authors found that that use of suction with 22-G needles was inferior to no use of suction, and they concluded that the use of suction must be avoided in centers utilizing rapid onsite evaluation (ROSE) as it increases specimen bloodiness and number of passes needed to achieve diagnostic adequacy, particularly with 22-G needles.\[[@ref21]\] However, suction has been shown to improve the diagnostic yield in fibrotic lesions such as pancreatic cancer.\[[@ref19]\] ASGE technical review has recommended the use of suction during EUS FNA of pancreatic masses and against the use of suction during EUS FNA of lymph nodes because it increases the bloodiness of specimens obtained and has no impact on the overall diagnostic yield.\[[@ref13]\] The available evidence suggests that sampling a vascular lesion/site such as lymph nodes, a nonsuction technique may result in better quality, whereas aspirating fibrotic malignant lesion of pancreas or in setting of chronic pancreatitis suction may provide a superior sample. We routinely use suction during the first pass and then tailoring the use of suction depending upon the visible quality of yield with avoiding suction in next pass if the sample is hemorrhagic.

Slow pull technique {#sec2-5}
-------------------

To avoid strong suction of suction technique and thus decrease the bloodiness of the sample, an alternative low pressure technique of slow pull technique has been described. Also known as capillary technique, during the sampling of lesion, the stylet is slowly retracted along with to and fro motion of the needle, thereby creating a slow negative suction that enables increased aspiration of tissue. In a recently published prospective comparative study involving patients with pancreatic lesions, standard suction technique was compared with the slow-pull technique. Slow-pull technique was found to be having significantly superior diagnostic accuracy (88% vs 71%) with significantly less blood contamination.\[[@ref22]\]

Handling of aspirated sample {#sec2-6}
----------------------------

To expel the tissue from the needle onto the slides after aspiration two techniques are used.

Use of an air-filled syringe to expel the aspirated material. However, this may lead to expelling of aspirated material in an uncontrolled manner and lead to scattering of material, which apart from loss of material is also a health hazardUsing stylet which is more controlled as material is expelled drop by drop is preferred by most endosonologists.

Fixation of slide {#sec2-7}
-----------------

These are done either by air dry fixation or alcohol fixation.

Air dried fixation: The slides are dried by using air blower or hair dryer till complete drying of slides. After air fixation, slides are usually stained with Romanowsky-type stains. These slides are also suitable for IHC staining, if required laterAlcohol fixation: As soon as the slides are prepared and still wet, they are immersed in ethanol or sprayed on. These slides are stained with Papanicolaou stain.

In air dried slides, the cells spread over the glass slides as they dry expand leading to better appreciation of pleomorphism, if present, along with better visualization of intra-cytoplasmic material as well as extracellular substances such as mucin. Alcohol fixation preserves nuclear features. and thus, better highlight nuclear features and chromatin quality. In routine practice, half of the slides should be sent air dried and other half alcohol fixed as both of them are complimentary for cytological examination to reach the diagnosis.

Rapid on-site evaluation (ROSE) or on-site cytopathological evaluation (OCE) {#sec2-8}
----------------------------------------------------------------------------

There is a theoretical advantage that on-site evaluation of slides prepared during procedure would lead to less false negative results as well as few passes would be required to ascertain the diagnosis, leading to shortening of procedure time as well as less complication rates. The idea of ROSE came from the fact that up to 30% of FNA interpretation is nondiagnostic either because of poor cellularity and/or crush artifacts due to poor slide preparation. ROSE by allowing immediate course allocation of samples for flow cytometry and microbiology, as well as assess the need for core biopsy thus helping in quick preliminary diagnosis and improving the diagnostic accuracy of EUS FNA. Studies have shown that ROSE increases diagnostic yield by up to 20% and decreases inadequate or unsatisfactory samples and decreases number of passes required to establish diagnosis.\[[@ref23][@ref24][@ref25][@ref26][@ref27]\] It is estimated that without ROSE there would be a 20% rise in the number of inadequate samples.\[[@ref26]\]

However, ROSE is not as rosy as it seems. It significantly adds to the cost as it needs an on-site professional as well as extended time for procedure including anesthesia time and thus associated adverse effects. Also, equivocal onsite diagnosis or poor handling of samples may lead on to premature termination of EUS FNA, and therefore, increase the need for subsequent repeat procedures. Recently published meta-analyses which evaluated the diagnostic accuracy and the role of ROSE found conflicting results and concluded that ROSE is associated with improvement in adequacy rates at sites where the adequacy rate without ROSE is less than 90%.\[[@ref28][@ref29]\] ASGE has recommended that ROSE/OCE does not impact the diagnostic yield of EUS FNA; however, an on-site cytopathologist may have a role during training phase and in centers with a low diagnostic adequacy rate.\[[@ref13]\]

Cell block {#sec2-9}
----------

These are usually complementary to the cytological assessment of the slides. FNA with cell block is cost-effective when compared with the additional expenses of surgical biopsy and is also less invasive. In clinical situations such as pancreatic ductal malignancy, lymphoma, neuroendocrine tumor (NET), and gastrointestinal stromal tumor (GIST) where cytology sample are not adequate for diagnosis, cell blocks provide additional material for histology as well as IHC and molecular profiling. Various cell block preparation methods use different transport mediums. Cell blocks are prepared by expelling the sample from the FNA needle into a container containing a cell-preservative solution such as Roswell Park Memorial Institute Medium (RPMI-1640). Even, isotonic saline can be used as medium to transport the material but the sample should be processed quickly because of short shelf life of cells in saline. The container containing the sample is centrifuged to harvest the cells and fibrin glue is commonly used to hold the cells to form tissue fragments. After that tissue is processed for histological examination. The details of preparation, fixation, and further processing of cell blocks is beyond the scope of this review and readers are advised to consult dedicated reviews on this topic.

P[ITFALLS OF]{.smallcaps} EUS FNA {#sec1-2}
=================================

Although EUS FNA has changed the landscape of diagnostics in gastrointestinal endoscopy by increasing the diagnostic accuracy of tissue acquisition, it is important to recognize its pitfalls. In situations such as pancreatic masses in chronic pancreatitis and autoimmune pancreatitis (AIP), EUS FNA can yield false positivity as atypical cells in CP as well as AIP may mimic malignancy. Similarly, false negativity because of technical difficulty, sampling error, or interpretative errors is also an area of concern. Moreover, diagnosing malignancy in hypocellular samples, marked desmoplastic background, as well as well-differentiated adenocarcinoma is challenging.

N[EED FOR]{.smallcaps} C[ORE]{.smallcaps} B[IOPSY]{.smallcaps} {#sec1-3}
==============================================================

The basic difference between FNA specimen and fine needle biopsy (FNB) specimen is that in FNB tissue architecture is maintained. The indications for FNB would be:

When FNA is nondiagnostic or inadequateWhen diagnosis is made by looking at tissue architecture such as lymphoma and AIPWhen special stains (immunohistochemistry) are needed for diagnosis (e.g., gastrointestinal stromal tumors)When there is a need to perform tissue profiling or cell culture for targeted therapies for personalized medicineIn centres with low sample adequacy of EUS FNA and nonavailability of ROSE.

ASGE has recommended that new FNB needles are highly effective for acquisition of core specimens and should be considered first-line for tissue sampling of nonpancreatic mass lesions, as a rescue technique after inadequate FNA samples, and for lesions requiring IHC.\[[@ref13]\]

H[OW TO]{.smallcaps} O[BTAIN]{.smallcaps} T[ISSUE]{.smallcaps} C[ORE USING]{.smallcaps} EUS? {#sec1-4}
============================================================================================

Tru cut biopsy {#sec2-10}
--------------

The first dedicated EUS-guided needed needle for effective core tissue acquisition was 19-G Tru Cut Needle (Cook Medical, Bloomington, IN, US) which was capable of collecting 18-mm tissue specimen. It had a spring loaded firing mechanism with good diagnostic yield, however, it was not flexible and was difficult to use.\[[@ref30]\] The studies demonstrated that there was no clear advantage for EUS-guided Tru cut biopsy (TCB) over EUS-FNA even in patients with suspected lymphomas or subepithelial lesions.\[[@ref13]\] Further, the technique of EUS TCB is cumbersome as compared to EUS FNA and is associated with increased complications as well as increased risk of damage to endoscope.\[[@ref13]\]

Fine needle biopsy (FNB) {#sec2-11}
------------------------

As the TCB needle was cumbersome to use with little added advantage, standard 22 and 19-G needles were used with high negative suction to sample tissue core, and this technique was termed as EUS-guided FNA. Thereafter, newer needles were designed to extract the tissue core. In these needles, the tip of needle was re-designed to have a cutting tip. Pro Core FNB (Cook Medical) was the first such needle and came in various sizes ranging from 19-G, 20-G, 22-G, and 25-G. The distal end of this needle had reverse bevel cut to acquire tissue by cutting through the lesion. Theoretically, the needle looks exciting but the studies have yielded varying results. Prospective cohort studies have shown significant improvement in diagnostic yield with ProCore needle but many retrospective series as well as randomized controlled studies have yielded varying results.\[[@ref13]\] An RCT demonstrated the superiority of 19-G ProCore FNB over 19-G Trucut needle in terms of higher prevalence of diagnostic histology (85% vs. 57%; *P* = 0.006), accuracy (88% vs. 62%; *P* = 0.02), mean total length (19.4 vs. 4.3 mm; *P* = 0.001), mean complete portal triads from liver biopsies (10.4 vs. 1.3; *P* = 0.0004), and required fewer crossover biopsies compared to those of TruCut needle (2% vs. 65%; *P* = 0.0001).\[[@ref31]\]

A multicenter study that compared the 22-G ProCore FNB and 22-G FNA needles in solid pancreatic or abdominal masses reported that FNB analysis was accurate in 91.44% cases as compared to 80% for FNA cases.\[[@ref32]\] They concluded that EUS-guided FNB samples yielded more accurate diagnoses than EUS-guided FNA samples for pancreatic lesions, and there was no difference in diagnostic yield between EUS FNA and EUS FNB for nonpancreatic masses. In a recent meta-analysis that analyzed nine studies comparing 22-G ProCore and standard 22-G FNA needles, the authors observed no significant difference between the two needles for sample as well as diagnostic accuracy or acquisition of a core specimen, but the ProCore needle established the diagnosis with fewer passes.\[[@ref33]\]

Various other designs of EUS FNB needles to improve upon the diagnostic yield have been developed over the last few years \[[Figure 2](#F2){ref-type="fig"}\].\[[@ref34]\] These hollow FNB needles can be either noncutting or cutting needles. The cutting needles include either side-type cutting (e.g., Tru-Cut or ProCore) or end-type cutting (such as Franseen and fork-tip). The end cutting type needles are the recent introduction to the EUS armamentarium. The two most recently introduced EUS FNB needles are Franseen needle (Acquire, Boston Scientific) and fork-tip needle (SharkCore™, Medtronic) and the initial studies with these new needles are very encouraging \[[Figure 3](#F3){ref-type="fig"}\]. However, the current data comparing various EUS FNB core needles for sample adequacy, diagnostic accuracy, and acquisition of a core specimen is scanty.\[[@ref34]\] The newly developed EUS-FNB needles are expensive than the first-generation needles and need more robust evidence of superiority than what is currently available before they can be widely used. However, still there is limited data to suggest that the use of FNB with adequate core tissue material may be performed without ROSE and therefore may replace FNA.\[[@ref34]\]

![Tip of EUS FNB and FNA needle](JCytol-36-1-g002){#F2}

![EUS FNB being performed from pancreatic head mass](JCytol-36-1-g003){#F3}

Handling of core biopsy specimen {#sec2-12}
--------------------------------

Once FNB specimen is procured, it can be processed in one of the following two ways:

Tissue sample is transferred to 10% formalin containing solution and then processed for histopathological examinationSample is placed on a glass slide and with the help of needle is microdissected to form tissue cores.

How to identify tissue pieces {#sec2-13}
-----------------------------

Usually the tissue pieces are pale looking whitish or discolored elongated material, and elongated red-colored material are usually blood clots. Occasionally, blood clots may contain tissue which become ascertained once tissue is paraffin embedded.\[[@ref35]\]

Complication of EUS-guided tissue acquisition {#sec2-14}
---------------------------------------------

EUS-guided TA is generally a safe procedure with very few complications and serious complications are very rare. Pain, bleeding, pancreatitis, and infection are the most frequently reported complications. In a systematic review of more than 50 studies, the overall complication rate was 0.98% with a mortality of 0.02% which were related to cholangitis and pancreatitis.\[[@ref36]\] Usually pancreatitis is seen in patients with pancreatic cysts.\[[@ref37]\] Extraluminal bleeding is a significant complication seen in up to 1.3% of patients undergoing FNA.\[[@ref38]\]

Infection or bacteremia is very rare in patient undergoing EUS-guided TA of solid lesion, and therefore, antibiotic prophylaxis is not recommended. However, EUS FNA of cystic lesion are associated with an infection rate of up to 14%, and therefore, antibiotic prophylaxis is recommended while sampling cystic lesions. It is also important to remember that because of high risk of infection in mediastinal cysts, EUS FNA of mediastinal cysts is usually not recommended.\[[@ref39][@ref40]\] Tumor seeding and GI perforation has also been rarely reported.\[[@ref41]\]

### The future of EUS-guided tissue acquisition {#sec3-1}

The currently available FNB needles have the potential to change the way the diseases of pancreas, liver, and GI tract are diagnosed. The increased cellularity along with preserved histologic architecture of the FNB sample makes it an ideal sample for histological as well as molecular testing. With such promising advantages use of EUS FNB is going to expand and many new needles with better design than the currently available needles that will have better tissue yield as well as less adverse effects are going to be developed. The future needles would be the ones that will allow acquisition of more material with fewer passes so as to perform cytology, histology, immunocytochemistry, histochemistry, and molecular biology.

Needle-based confocal laser endomicroscopy (nCLE) probe and Microforceps are recent devices which have been used to enhance the diagnostic outcome of EUS FNA. A recent study of *in-vivo* nCLE Study in the Pancreas with Endosonography of Cystic Tumors (INSPECT) trial has shown sensitivity of 59% and specificity of 100% with PPV of 100% and NPV of 50% in differentiating between types of pancreatic cystic lesions.\[[@ref42]\] A prospective study has also shown that *in-vivo* nCLE patterns are reproducible in ex-vivo pCLE for all major neoplastic pancreatic cystic lesions.\[[@ref43]\]

A disposable micro-forceps 230 cm long with open jaw width of 4.5 mm which can be passed through the lumen of a 19-G FNA needle has also been developed to increase the adequacy of samples. In a pilot study, Nakai *et al*. demonstrated that EUS through the needle forceps biopsy was safe and technically feasible, and moreover, provided additional tissue with a single puncture of a 19-G FNA needle.\[[@ref44]\] Reports of use of these devices in sampling pancreatic cyst wall with encouraging results are available.\[[@ref45]\]

Furthermore, there is increased interest in telecytopathology for those centers where ROSE is not available. A recent retrospective study compared the nondiagnostic rate for EUS FNA of pancreatic lesions in patients with on-site evaluation for adequacy via telecytopathology with patients not having on-site adequacy evaluation.\[[@ref46]\] The authors found that after adjusting for the effects of sex and lesion characteristics (solid versus cystic lesion), the odds of having a nondiagnostic specimen in group not having on-site adequacy evaluation was 6.9 times greater than the telecytopathology group (*P* = 0.0013).
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